In this paper, Harris Corner Detector is proposed as a corner detection technique to extract palmprint features in the form of corners. Here, hamming distance similarity measurement using sliding window method is used as a feature matching method for the corners detected. The aim of using hamming distance method for corner matching is the non-dependency of the method with the number of corners detected. So, the comparison (matching) time will be constant with hamming distance feature matching method. We used the same feature matching technique in edge detection and got good results. In this paper, palmprint features are analyzed on different sigma, threshold and radius values. Experiments were developed on a database of 600 images from 100 individuals, with five image samples per individual for training and one image sample per individual for testing. The experimental results indicate that using Harris corner detector and Hamming distance using sliding window, recognition rate of 97.5% can be achieved.
INTRODUCTION
Palmprint-based personal authentication has found applications in pattern recognition, image processing and computer vision. Palmprint is considered one of the most reliable biometric because of its unique features [1] [2] [3] [4] . The unique and stable features mean that there is minimal possibility of two different individual to have same palmprint features and to get matched as genuine. The palmprint are easy to capture and do not change over time and with age.
Palmprint consists of five types of features. They are geometry features, line features, point features, texture features, statistical features and points [5] [6] [7] . In this paper, Harris Corner Detector is proposed to detect the corners. The Harris corner detector is based on the local auto-correlation function of a signal; where the local auto-correlation function measures the local changes of the signal with patches shifted by a small amount in different directions [8] [9] [10] [11] [12] [13] [14] . Hamming distance similarity measurement using sliding window method is used as feature matching method.
The following section of the paper is organized as follows: Section 2 describes the basic of palmprint authentication system. In section 3 feature extraction by Harris Corner Detector technique is proposed. Section 4 presents feature matching by Hamming distance similarity measurement method using sliding window. Section 5 represents the training and testing stage. The experimental results are presented in Section 6, while section 7 concludes the paper.
PALMPRINT AUTHENTICATION SYSTEM
In this paper, the palmprint authentication system is divided in following two subsystems:
In Pre-authentication system, a database of harris corner features and reference threshold value is prepared. These values will be used in Authentication system as shown in Figure 1 .
In Authentication system, the authenticity of a person is identified with the help of Reference threshold value stored in database as shown in Figure 2 . 
FEATURE EXTRACTION USING HARRIS CORNER DETECTOR
The 'corner' is defined as a location in the image where the local autocorrelation function has a distinct peak. Corner point detection has found its application in various computer vision tasks. Here, Harris corner detector is proposed to extract corner information for palmprint authentication.
Harris Corner Detector is one of the promising tool to analyze the corner points. Harris Corner Detector is based on the autocorrelation of image intensity values or image gradient values. The gradient covariance matrix is given by: where I x and I y denote the image gradients in the x and y directions. Harris Corner Detector considers the minimum and maximum eigenvalues, α and β, of the image gradient covariance matrix G x,y in developing corner detector. A 'corner' is said to occur when the two eigenvalues are large and similar in magnitude. Harris [11] [12] devises a measure using the determinant and trace of the gradient covariance matrix as:
On the basis of R the pixels are classified as follows:
Palmprint Image with Corners The feature vector consists of palmprint features or corners detected.
FV = Palmprint features (PF)
The corner features extracted by Harris corner detector method are analyzed on different values of sigma, threshold and radius. The number of corners detected varies with varying values of sigma, threshold and radius as shown in Fig. 4 and binarized corner information is shown in Fig. 5 (in the end of paper).
HAMMING DISTANCE SIMILARITY MEASUREMENT USING SLIDING WINDOW METHOD
In this paper, a new corner matching technique using hamming distance similarity measurement is proposed. We have matched palmprint line feature vectors by Hamming distance similarity measurement method and got good results in edge detection method. Here, hamming distance method is used on palmprint corner features that work on binary feature vectors. The corner information (Palmprint features) extracted is binarized by the following equation (5): The hamming distance similarity measurement using XOR operation between two binary feature vectors can be defined as:
Sliding window technique is used to avoid false rejection because of displaced ROI. Suppose, if the ROI is displaced by two rows, there are chances of the ROI not getting matched with the same ROI present in the database because of displacement in the rows. Here, to overcome the displacement problem, sliding window method with reduced ROI by some window size WS is used. For window size WS, ROI area of (64-WS)×(64-WS) pixels out of 64×64 pixels slides over the rows and columns using Hamming distance matching and minimum of the value is considered. Fig. 6 shows the sliding window method used to find the hamming distance.
The hamming distance value with window size WS is defined as:
, , (7) where HD WS denotes the hamming distance with window size WS, i and j is the row and column of the Palmprint feature vector, ⊕ is the exclusive OR operation, WS denotes the window size, FV DB Hamming Distance value "1" signifies both feature vectors are exactly same and a value near to "1" is identified as reference threshold. If matching score (or Hamming distance) of two feature vectors is less than reference threshold value, feature vectors are considered to be from same hands otherwise different hands. The accuracy of the biometric authentication can be defined by following equation (9):
Where, FAR is False Acceptance Rate, FRR is False Rejection Rate. If either FAR or FRR is decreased, overall system accuracy is increased.
TRAINING AND TESTING STAGE
The hand image samples are divided into two groups G1 (Training group) and G2 (Testing group). The accuracy of the system is identified by matching group G 2 samples with group G 1 samples using threshold values stored in threshold array. Finally, a threshold value is chosen where FAR and FRR is minimum, this value is called Reference threshold.
In palmprint authentication system, two palmprints are matched and the comparison of matching score values with reference threshold value defines the authenticity of the person. The authentication system is shown in Fig. 7 . 
EXPERIMENTAL SETUP
A database of 600 palmprint images from 100 palms with 6 samples for each palm is taken from PolyU palmprint database [21] . The palmprint database is divided into two groups, first group (G 1 ) consists of 100 persons with each person having 5 palm sample images to train the system, and second group (G 2 ) contains 100 persons with each person having one palm image different from the first group images. Second group is used as testing sample. [ ] Image is pre-processed to get the region of interest. Pre-processing includes image enhancement, image binarization, boundary extraction, cropping of palmprint/ROI. Feature extraction is done by Harris Corner Detector to get the corners from the palmprint image. The proposed feature extraction method is applied on the palmprint image to get Palmprint Corner features. Feature vector of all hand images samples is calculated and stored in database. Hamming distance similarity measurement method is used as a feature matching method.
Reference Threshold Calculation
In group G1, each hand feature vector in P 1 is matched with all other 4 hands feature vector by Hamming distance similarity measurement method as shown in Fig. 8 . 
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The maximum and minimum values are found out from threshold array. The plot between accuracy and threshold is shown in Fig. 10 . 
Comparison of Hamming distance similarity measurement and Match by Correlation
As discussed earlier that hamming distance similarity measurement method is non-dependent on the number of corners detected, so the comparison time is constant. In case of Match by correlation method, comparison time depends on the number of corners detected. The number of corners detected is directly proportional to the time taken. The combination of harris corner operator and hamming distance method makes the real time authentication system fast and accurate with less comparison time value and high recognition rate.
Methods Comparison
The comparison of different palmprint authentication methods is tabulated in table 6. 
CONCLUSION
In this paper, we have presented a promising approach of Harris corner detector for palmprint feature extraction. The corner information extracted using Harris corner detector is compared with other feature vector in the database using Hamming distance similarity measurement method using sliding window method. It is observed in the results that the sliding window method takes less time in matching the feature vectors as compared to match by correlation method. This shows that sliding window method does not depend on the number of corners detected. It can be concluded that feature matching by sliding window method has come out to be best method with high accuracy and less comparison (matching) time.
Experimental results clearly show that Harris corner detector methodology has the ability to discriminate similar palmprints with recognition rate of 97.5%. The high accuracy and less comparison time make this system rapid, genuine and reliable authentication system. 
